The construction and characteristic points of the vacuum system of KEK 12 GeV proton synchrotron are reported. The whole system is divided into three, i.e., for the injector and the beam transportation line to the booster, for the booster and transportation line to the main ring and for the main ring. Of these, only the last two vacuum systems will be reported in the following. In the design and construction, many new attempts have been made and some of them will be reported. The designed valueof the average pressures in the booster and in the main ring are 4 x 10-4 Pa and 1 X 10-4 Pa respectively. These values correspond to the beam lives of 300 ms (in the booster) and 10 s (in the main ring), for a beam with injection energies of 20
General
The designed values of maximum tolerable pressure, the expected life times of the beam for both cases of booster and main ring and relating parameters are summarized in Table I On the other hand, the strength against pressure difference of atomospheric pressure is large enough. By equating the second order moment of bellows structure (cf. Fig.l (Fig.2) . In the scheme, ion pumps near the roughing unit are operated firstly, and, after the pumps begin to operate properly, the next group of pumps is started and so on. For this starting scheme, some logics are required in the control. In general, when an ion pump is switched on after a long inactive period in atomospheric pressure, the pump will emit a large amount of gases. If the pump is continued to be in an on-state, the temperature of the pump will rise and finally, in the worst case, the pump will be damaged. For Fig.3 . In this stage, the discharge voltage VD of the ion pump in the first group controls the power supply for the second group, i.e., when the VP rises up to a preset value Vl, the second pumps (I.P.3 and I.P.4) are switched on and remain in the on stage until VD drops down to V2(< V ). In the further stage, the scheme is just the same lFig.2). In Fig.4 , a set of typical curves of p(t) and V0(t)'s of ion pumps in the cascade starting process of a quadrant is presented. In this scheme, a roughing unit is installed at the center of the vacuum line, and the cascade starting is carried out on both side. At the same time, two adjacent pumps are unified and considered as one pumping unit in the control. These curves show us that each pump begins to operate after many repetitions of on and off state and it takes 3 hours to make operate all the pumps. Actually, it takes 4 to 6 hours to finish the whole cascade starting process and evacuate the system down to the pressure of 1 x 10-4 Pa.
The time required for the evacuation down to 1 x 0o-Pa depends largely on the decreasing characteristics of qo and less on the starting scheme. It will take nearly the same time to make all the pumps start and evacuate the system down to a pressure of 1 x 10 4
Pa even with a more strong roughing system. The cascade starting scheme saves the size and number of (a) (b) roughing unit in return of the initial heavy operation of ion pumps. But the time of heavy operation is short, and will be negligibly small compared with the total operation time.
H-gasket and flange
The H-gasket is a copper or aluminum gasket with a long parallelogramic cross section and is used ____ _ between two identical flanges (Fig.5) Fig.5 ) acts as a spring, and holds the sealing force within a safety limit. More than 1000 sets of H-gasket and flanges are used in the vacuum system and operate properly as expected.
Recently, we have developed a new type H-gasket. The new type gasket is made of soft steel with knife edges of copper (Fig.5(b) ). As the soft steel is good in spring action, the new type H-gasket can operate many times repeatedly. The gasket has been applied to a metal gate valve with a good result.
